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Abstract  
Cognitive-behavioral treatments for chronic pain typically target pain-related fear – exposure 
in vivo is a common treatment focusing on disconfirming harm expectancy of feared 
movements. Exposure therapy is tailored on Pavlovian extinction; an alternative fear 
reduction technique that also  alters stimulus valence is counterconditioning. We compared 
both procedures to reduce pain-related fear using a Voluntary Joystick Movement Paradigm. 
Participants were randomly allocated to the Counterconditioning or Extinction Group. During 
fear acquisition, moving the joystick in two directions (CS+) was followed by a painful 
electrocutaneous stimulus (pain-US), while moving the joystick in two other directions was 
not (CS-). During fear reduction, one CS+ was extinguished, but another CS+ was still 
followed by pain in the Extinction Group; in the Counterconditioning Group one CS+ was 
extinguished and followed by a monetary reward-US, and another CS+ was followed by both 
USs (pain-US and reward-US). Results indicate that counterconditioning effectively reduces 
pain-related fear but that it does not produce deeper fear reduction than extinction. Adding a 
reward-US to a painful movement did neither attenuate fear nor the intensity/unpleasantness 
of the pain itself. Both procedures changed stimulus valence. We contend that changing the 
affective valence of feared movements might improve fear reduction and may prevent relapse. 
Perspective: This article reports no immediate differences between counterconditioning and 
extinction in reducing pain-related fear in the lab. Unexpectedly, both methods also altered 
stimulus valence. We cautiously suggest however that methods explicitly focusing on altering 
the affective valence of feared movements may improve long-term effectiveness of fear 
reduction and prevent relapse.  
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1. Introduction  
Pain is considered an unconditioned stimulus (US) that demands for instantaneous 
defensive action such as the withdrawal from the nociceptive stimulus
21, 57
. Additionally, 
neutral movements (conditioned stimulus, CS) that are associated with pain come to elicit fear 
and tend to be avoided (conditioned response, CR). Recent experimental research indeed 
demonstrated the involvement of associative learning in the acquisition of fear of movement-
related pain
38, 39, 41
. 
In the same vein, models of classical conditioning predict that fear of movement-related 
pain can be reduced using an extinction procedure, that is,  exposure to the CS without 
presenting the US
3, 11
. Graded exposure in vivo (GEXP) is the clinical analogue of Pavlovian 
extinction: chronic pain patients are gradually exposed to feared movement(s) without 
experiencing the expected bodily damage
32, 40, 62
. As a result, patients’ catastrophic 
representation of pain associated with the feared activity is challenged and disconfirmed. 
Although GEXP is an effective approach to reduce pain-related fear
2, 17-20
, there is room for 
improvement. What patients learn during exposure often does not sufficiently generalize to 
other situations and contexts
15, 26
. In fact, human fear conditioning models predict this relapse. 
Particularly, with the study of return-of-fear phenomena such as renewal (i.e. return of fear 
after a context switch), reinstatement (i.e. return of fear after unpredictable USs), Bouton
4, 5
 
showed that conditioned fear can reemerge after extinction, thus demonstrating that the 
original CS-US association was not erased, but that extinction memory is context-dependent. 
One possible source of relapse is the lingering negative affective valence of feared 
movements after exposure therapy. That is, patients may still find a certain movement 
unpleasant, although they no longer avoid it because they learned that the movement will not 
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provoke bodily harm. Dirikx and colleagues
22
 indeed showed that negative stimulus valence 
plays a role in fear reinstatement after successful extinction.  
A counterconditioning procedure can be used to change the stimulus valence. During 
counterconditioning, a CS is paired with another US of opposing valence
16, 27, 30
. As a result, 
the CS will start to elicit conditioned responses in correspondence with the second US, 
different from its first-learned conditioned response. Raes and De Raedt
44
 showed that 
counterconditioning, in contrast to extinction, can alter the negative stimulus valence of a  CS 
that was previously followed by an aversive US. Following this reasoning, feared movements 
may no longer elicit fear and avoidance and even lose their negative valence when paired with 
a non-painful approach-related stimulus.  
We compared both extinction and counterconditioning as procedures to reduce fear of 
movement-related pain using a Voluntary Joystick Movement (VJM) Paradigm
39
 with arm 
movements as CSs and a painful electrocutaneous stimulus as the negative valenced US (pain-
US). We operationalized the positive valenced US as a monetary reward (reward-US) – in 
humans, money is considered a salient secondary US that has received its positive valence by 
cultural transmission. Participants were randomly allocated to the Counterconditioning 
(COUNTER) Group or the Extinction (EXT) Group. In both groups, two CS+ movements 
were followed by the  pain-US, while two CS- movements were not followed by pain during 
fear acquisition. Then, one CS+ was extinguished, but another CS+ was still followed by pain 
in the EXT Group. In the COUNTER Group, one CS+ was followed by the reward-US (i.e. 
counterconditioning), and another CS+ was followed by both USs (i.e.  competition). We 
hypothesized that: (a) counterconditioning is effective in reducing pain-related fear and (b) 
leads to deeper fear reduction than extinction, (c) a concurrent reward-US during a painful 
movement attenuates pain-related fear, (d) a concurrent reward-US attenuates intensity and 
COUNTERCONIDITIONING, COMPETITION AND PAIN-RELATED FEAR 
 
6 
 
unpleasantness of a painful stimulus, (e) counterconditioning but not extinction renders the 
valence of the CSs more positive. 
2. Methods 
2.1. Participants 
Fifty healthy individuals (21 males en 29 females; mean ± SD age = 23 ± 5.27 years) 
participated in this study and were reimbursed in two ways: (a) 3 first-year psychology 
students received 1.5 course credits, and (b) the 47 other volunteers received €12. Exclusion 
criteria were: pregnancy; past or current severe medical conditions, psychiatric disorders or 
chronic pain; having received the advice to avoid stressful situations from a GP; cardiac 
pacemaker or presence of any other medical device; acute pain or impairment at the 
dominant hand or wrist; uncorrected hearing problems. The study was approved by the 
Ethics Committee of the Faculty of Psychology and Educational Sciences of the University 
of Leuven (registration number: S-55375). All participants signed the informed consent form, 
which emphasized that they could withdraw from the study at any time. Participants were 
randomly assigned to one of the two experimental groups (EXT or COUNTER Group). 
2.2.Stimulus material  
Four proprioceptive stimuli (i.e. moving a Logitech Attack3 joystick upwards, 
downwards, to the left, and to the right) were used as CSs. Participants performed the 
movements by manipulating the joystick with their dominant hand. The first US was an 
electrocutaneous stimulus (duration of 2 ms), administered by a commercial stimulator 
(DS7A; Digitimer, Welwyn Garden City, England) through surface Sensormedics electrodes 
(8 mm) filled with K-Y gel which were attached to the wrist of the dominant hand. The pain-
US intensity level was individually selected during a pre-experimental calibration procedure. 
During this procedure, participants received a series of pain-USs of increasing intensity. 
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After each stimulus presentation, they rated the intensity of that stimulus on a rating scale 
from 1 to 10, with 1 meaning, “You feel something, but this is not painful; it is merely a 
sensation”; up to 10, meaning, “This is the worst pain you can imagine.” Participants 
indicated if they did not want to receive a stimulus of higher intensity or if they wanted the 
intensity to be set back at a lower level, yet they were asked to do some effort to select a 
significantly painful and unpleasant stimulus. We targeted a pain-US of a subjective intensity 
of 8, which corresponds to a stimulus that is “significantly painful and demanding some 
effort to tolerate”. During the entire experiment, the pain-US intensity remained unchanged. 
The second US we used was a monetary reward. The reward-US was represented by an €-
symbol on the computer screen. Participants received written instructions explaining that the 
presentation of an  €-symbol on the computer screen (i.e. reward-US) during a given trial 
represented an extra monetary profit of €0.50. In total the reward-US was presented on 32 
trials in the COUNTER Group . That way participants in that group were led to believe they 
could earn a total amount of €16 in addition to the promised (financial) reimbursement. 
2.3.Software 
The entire experiment was run on a Windows XP computer (Dell Optiplex 755) with 2 
GB RAM, an Intel Core2 Duo processor at 2.33 GHz and an ATI Radeon 2400 graphics card 
with 256 MB of video RAM. The experiment was programmed using the free software 
package Affect 4.0
49
. 
2.4.Procedure 
This experiment was conducted during a 1-hour session using the Voluntary Joystick 
Movement (VJM) task
39
 consisting of a preparation phase, a practice phase, an acquisition 
phase and a fear reduction phase (see Table 1). We used a between-subjects design 
comprising two experimental groups; participants were randomly allocated to either the 
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COUNTER Group or the EXT Group. During fear acquisition, all groups received a pain-US 
after two CS+ movements (A1+ and A2+), but not after two CS- movements (B1- and B2-). 
Note that the direction of joystick movement that served as CS+ and CS- was counterbalanced 
across participants (one in the CS+ and CS- in the horizontal plane, i.e. moving to the 
left/right, and one CS+ and CS- in the vertical plane, i.e. moving up/down). During the fear 
reduction phase in the EXT, one CS+ movement was no longer followed by the pain-US (A2-
), but a control CS+ movement was still followed by the pain-US (A1+). The latter is a typical 
control stimulus for non-associative decreases in conditioned responding, i.e. habituation.  In 
the COUNTER Group, one CS+ movement was followed by the reward-US (A2-€; i.e. 
counterconditioning), and the other CS+ movement was followed by both the pain-US and the 
reward-US (A1+€; i.e. competition). The prospect of the positive reward-US –and the 
resulting approach tendencies– compete with the negative pain-US –and the resulting 
avoidance tendencies–, therefore we refer to this movement as a “competition” trial. 
Experimental research on goal competition rendered inconsistent results so far, showing that 
adding a reward attenuated avoidance behavior/decision-making, although pain-related fear 
remained unaltered
8, 9
. In order to further our understanding about the effect of competing 
outcomes/motivations on pain-related fear and pain, we included this competition movement 
in the Counterconditioning Group.  Note that the experimental procedure also included the 
placement of three facial electrodes and the presentation of auditory startle probes related to 
the measurement of fear-potentiated eyeblink startle. For the sake of readability and brevity, 
we decided to omit the description of the startle measure and all related aspects because of 
technical failure of this measurement rendering the data unreliable. For more information on 
the startle-related procedure used in this study, see Meulders et al.
39
. 
Preparation phase. Upon arrival at the laboratory, participants first filled out the 
checklist of exclusion criteria (see section “2.1. Participants”). In the framework of a separate 
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research question, the inhibitory capacity of the participants was measured using the Stop 
Signal Task (SST)
34
 and the heart rate variability (HRV) protocol described by Smets et al.
47
. 
For the latter purpose, three electrodes were placed on the chest of the participant. When 
participants had completed the SST task, they received information (orally and in writing) 
about the use of short loud noises (startle probes) and painful electrocutaneous stimuli (pain-
USs) during the experiment. They were told that the goal of the study was to investigate the 
effect of these distractors (loud noises and painful stimuli) on the performance of a motor task 
i.e. moving a joystick in different directions. After signing the informed consent form, the 
electrodes for administration of the pain-US were attached. Subsequently, the intensity level 
of the pain-US was selected using the aforementioned calibration procedure. 
Practice phase. Participants received the written instructions of their main task on the 
computer screen (see online supplementary material for the verbatim instructions given before 
the practice and acquisition phase). They were requested to move the joystick to the left, right, 
upwards or downwards as quickly and accurately as possible after seeing the starting signal 
“+” (i.e. a fixation cross presented in the middle of the screen). The movement directions that 
were allowed were indicated by counter bars, each divided into four segments, presented 
respectively on the left, right, top and bottom of the screen (see Figure 1). The practice phase 
consisted of one block of 16 trials, that is, four movements in each direction. Participants 
could choose the order in which they performed the different movements themselves. When 
they performed the movement correctly, a segment of the corresponding counter bar was 
colored blue. This way, participants received feedback about how many movements in each 
direction still ought to be carried out. During the practice phase, valid target regions were 
colored green and invalid target regions red and visual feedback about the movement of the 
joystick was given by linking it to the movement of the cursor on the screen; if participants 
moved into the invalid target regions, an error message was shown, the trial was aborted 
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immediately, and a new trial started. During this phase, no pain-USs or reward-USs were 
presented. At the end of this phase, participants were asked to rate the retrospective affective 
valence of each movement using the Self-Assessment Manikin scale (SAM
6
). 
Fear acquisition phase. The procedure in the fear acquisition phase was almost 
identical to the practice phase, except that (a) valid/invalid regions were no longer colored 
green/red and no on-screen error messages were given; (b) the movement of the joystick was 
no longer visualized by the path of the cursor on the screen; (c) pain-USs were delivered; and 
(d) this phase consisted of two blocks of 16 trials. 
The duration of the CS movement itself depended upon the participants’ movement speed. 
The intertrial interval (ITI) consisted of a pre-CS interval of 3.5 s, after which the starting 
signal appeared. This was followed by the movement and a post-CS interval of 8 ± 2 s. 
During each block, the participant was requested to perform each movement four times. Two 
movements (one in the horizontal, and one in the vertical plane) were always followed by a 
pain-US (CS+, i.e. A1+ and A2+), whereas the other two movements (one in the horizontal, 
and one in the vertical plane) were never followed by a pain-US (CS-; i.e. B1- en B2-). The 
pain-US was delivered immediately after the CS+
 
movements. Which movements served as 
the CS+ and CS- was counterbalanced across participants. After each conditioning block, 
pain-US intensity, pain-US unpleasantness, fear of movement-related pain, pain-US 
expectancy and reward-US expectancy were assessed via a rating scale shown on the 
computer screen (see section “2.5. Measures”). 
Fear reduction phase. This phase was different for the two groups. Participants 
underwent either an extinction or a counterconditioning phase. Each group received four 
blocks of 16 trials, in which each movement had to be performed four times. In the EXT 
Group, one CS+ movement was no longer followed by the pain-US (A2-), while the other 
CS+ movement was still followed by the pain-US (A1+). In the COUNTER Group, both CS+ 
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movements were paired with the reward-US; one CS+ movement was no longer followed  by 
the pain-US, but was followed by the reward-US alone (A2-€), whereas the other CS+ 
movement (A1+€) was followed by both the pain-US and the reward-US. 
After each conditioning block, pain-US intensity, pain-US unpleasantness, fear of 
movement-related pain, pain-US expectancy and reward-US expectancy were assessed via a 
rating scale shown at the bottom of the computer screen. After this last phase, participants 
rated the retrospective affective valence of each movement on the SAM scale. 
Questionnaires. Immediately after the experiment, participants completed four 
psychological trait questionnaires to control for individual differences in positive and 
negative affect (PANAS; the Positive and Negative Affect Schedule
23, 61
), fear of pain (FPQ; 
Fear of Pain Questionnaire
37, 45
), pain catastrophizing (PCS; Pain Catastrophizing Scale
50, 51
) 
and trait anxiety (STAI-T; trait version of the State-Trait Anxiety Inventory
48
), using a web 
survey tool. When the questionnaires were completed, participants were debriefed about the 
deception regarding the reward-US and remunerated for their participation. Note that in 
reality all participants were maximally paid €12 or received 1.5 course credits. 
2.5.Measures 
2.5.1. Self-reported measures  
Fear of movement-related pain. After each conditioning block, participants were asked to 
answer to following question: “How fearful were you to perform the 
left/right/upward/downward movement?” on an 11-point Likert scale with the labels “not 
fearful at all” and “very fearful” at the extremes. 
Concurrent pain-US and reward-US expectancy. At the end of each conditioning block, 
participants were asked to indicate for each movement how much they expected the pain-US 
and reward-US to occur on an 11-point Likert scale with labels “not at all” to “very much”. 
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Pain intensity and pain unpleasantness. After each conditioning block, participants 
answered the questions “How painful did you find the electrocutaneous stimulus in the 
previous block?” and “How unpleasant did you find the electrocutaneous stimulus in the 
previous block?” on an 11-point Likert scale, with labels “not at all” and “very much” at the 
extremes. 
Retrospective affective valence of the CSs. Before and after the experiment, the affective 
valence of the CS movements was measured using the Self-Assessment Manikin (SAM) 
scale
6
, which consists of five pictographs of humanlike figures–Manikins. These Manikins 
gradually differ in emotional expression from happy to sad. Participants indicated the Manikin 
that matched best how they felt when performing the respective movements. Responses were 
scored from 1 to 5 (happy – sad). 
2.6.Experimental setting  
Participants were seated in an armchair (0.6 m screen distance) in a sound-attenuated and 
dimmed experimental room, adjacent to the experimenter's room. Further verbal 
communication was possible through an intercom system; the experimenter observed the 
participants by means of a closed-circuit TV installation.  
2.7. Data analysis overview 
A series of repeated measures ANOVAs were carried on the different dependent variables, 
followed by planned contrasts to further test our a priori hypotheses. Data from the practice 
phase were excluded from the statistical analyses. The α level was set at .05. In testing our a 
priori hypotheses, a Bonferroni correction was applied when using multiple planned 
comparisons. Greenhouse-Geisser corrections are reported when appropriate. Uncorrected 
degrees of freedom and corrected p-values are reported together with ε and the effect size 
indication, generalized eta squared, 𝜼𝒈
𝟐 1, 31, 43 Statistical analyses for all dependent measures 
were conducted using Statistica 12 (StatSoft, Inc, Tulsa, OK). 
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3. Results   
3.1. Descriptive characteristics pain-US and questionnaires 
 Overall, the selected pain-US intensity (mean ± SD) was 28.64 ± 15.12 mA (ranging from 
8-68), participants rated this stimulus as a 8.18 ± 0.48 (ranging from 7-9); this score 
corresponds to a stimulus that is “painful and demands some effort to tolerate”. There were no 
differences in the physical intensity of the pain-US chosen by the EXTGroup (29.12 ± 15.83 
mA) and the COUNTER Group (28.16 ± 14.68 mA), t(48) = -0.22, p = .83. Furthermore, this 
stimulus was rated as equally painful in both the EXT Group (8.12 ± 0.44) and the 
COUNTER Group (8.24 ± 0.52), t(48) = -0.88, p = .38. Table 2, displays the questionnaire 
scores per group; independent t-tests revealed that there were no group differences with 
respect to these psychological trait questionnaires. 
3.2.Manipulation checks  
3.2.1. Acquisition effects 
First, we checked whether we successfully induced fear of movement-related pain 
using separate 2 x 2 x 4 [Block (ACQ1-2) x Group (COUNTER/EXT) x Stimulus Type 
(A1/A2/B1/B2)] repeated measures ANOVAs on both the fear of movement-related pain 
ratings and the expectancy ratings. The analysis run on the fear of movement-related pain 
ratings (see Figure 2) revealed a significant main effect for Stimulus Type, F(3,144) = 93.90, 
p < .0001, ε = 0.60, 𝜂𝑔
2 = .38, and Block, F(1,48) = 15.68, p < .001, 𝜂𝑔
2= .02. As expected there 
was no main effect for Group, F < 1, because during acquisition all groups received the same 
treatment. None of the other interactions with Group were significant, all Fs < 1.59. Most 
importantly, there was a significant Stimulus Type x Block interaction, F(3, 144) = 15.29, p < 
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.0001, ε = 0.66, 𝜂𝑔
2 = .04, suggesting that differences in fear of movement-related fear 
between the different stimuli emerged across blocks. Within-group comparisons further 
showed that by the end of the acquisition phase, participants were more afraid of the painful A 
movements than of the non-painful B movements, EXT Group, F(1, 48) = 63.10, p < .0001, 
as well as  COUNTER Group, F(1, 48) = 63.10, p < .0001. These results confirm that both 
groups learned to be more afraid of the movements that were followed by pain compared to 
the movements that were not followed by pain. 
Second, a similar analysis was run on the pain-US expectancy ratings during 
acquisition (see Figure 3). This analysis showed significant main effect for Stimulus Type, 
F(3,144) = 185.01, p < .0001, ε = 0.54, 𝜂𝑔
2 = .66, and Block, F(1,48) = 9.60, p < .01, 𝜂𝑔
2 = .01. 
Again, as expected there was no main effect for Group, F < 1, and none of the other 
interactions with Group were significant, all Fs < 1.41.The crucial Stimulus Type x Block 
interaction, F(3, 144) = 19.41, p < .0001, ε = 0.72, 𝜂𝑔
2 = 0.08, was significant indicating that 
pain-US expectancy ratings developed differently across blocks depending on stimulus type. 
Within-group comparisons further showed that by the end of the acquisition phase, 
participants expected the pain-US to occur more after the painful  A movements than after the 
non-painful B movements, EXT Group, F(1, 48) = 180.08, p < .0001, as well as COUNTER 
Group, F(1, 48) = 223.36, p < .0001. The results of the US-expectancy ratings corroborate the 
data pattern observed in the fear of movement-related pain ratings and show that both groups 
learned to expect pain-US after the movements that were paired with the painful stimulus, but 
not after the movements that were not associated with the painful stimulus.  
Third,  we repeated this analysis for the reward-US expectancy ratings during 
acquisition (see Figure 4). This analysis yielded no significant main effects for Stimulus Type, 
Group, nor Block, all Fs < 2.73. Because during the acquisition phase, no reward-USs were 
presented, no differences between groups or stimulus types are anticipated at this point. 
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Indeed, there was no significant Stimulus Type x Block interaction, F(3, 144) = 1.66, p =.18, 
ε = 0.64, 𝜂𝑔
2 = .004, and no significant three-way interaction, F < 1. These results confirm that 
both groups learned not to expect a reward-US after any of the movements.. 
3.2.2. Reward-US expectancy during the reduction phase 
We conducted a 2 x 4 x 5 [Group (COUNTER/EXT) x Stimulus Type (A1/A2/B1/B2) x 
Block (ACQ2, RED1-4)] repeated measures ANOVA on the reward-US expectancy ratings 
during the reduction phase (see Figure 4). This analysis yielded significant main effects for 
Stimulus Type, F(3, 72) = 117.16, p <.0001, ε = 0.61, 𝜂𝑔
2 = .41, Block, F(4, 96) = 10.65, p < 
.0001, ε = 0.55, 𝜂𝑔
2 = .04, and Group, F(1, 48) = 84.40, p < .0001, 𝜂𝑔
2 = .28. There was a 
significant Stimulus Type x Block interaction, F(12, 576) = 23.08, p <.0001, ε = 0.41, 𝜂𝑔
2 = 
.13, indicating that the reward-US expectancy ratings increased during the reduction phase 
depending on stimulus type, and this effect was modulated by Group, F(12, 576) = 25.67, p < 
.0001, ε = 0.41, 𝜂𝑔
2 = .14. Further, also the Block x Group interaction, F(4, 192) = 39.79, p < 
.0001, ε = 0.55, 𝜂𝑔
2 = .36, and the Stimulus Type x Group interaction, F(3, 144) = 88.91, p < 
.0001, ε = 0.61, 𝜂𝑔
2 = .34, were significant. Planned comparisons further confirmed that 
reward-US expectancies increased significantly more for both A movements than for both B 
movements from the end of the acquisition phase to the end of the reduction phase in the 
COUNTER Group, F(1, 48) = 141.25, p < .0001, but not in the Extinction Group, F < 1. 
These results confirm that participants in the COUNTER Group learned to expect the reward-
US after the movements that were paired with the reward, but not after movements that were 
not. This differential reward-expectancy learning was not observed in the EXT Group. 
3.3.Can fear of movement-related pain be reduced using a counterconditioning procedure? 
We conducted two separate 4 x 5 [Stimulus Type (A1/A2/B1/B2) x Block (ACQ2, 
RED1-4)] repeated measures ANOVAs on the fear and expectancy ratings of the COUNTER 
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group alone to test whether counterconditioning is an effective strategy to reduce fear of 
movement-related pain.  
First, the analysis run on the fear of movement-related pain ratings (see Figure 2) 
yielded significant main effects of both Stimulus Type, F(3,72) = 42.47, p <.0001, ε = 0.62, 
𝜂𝑔
2 = .39, and Block, F(4, 96) = 12.21, p <.0001, ε = 0.62, 𝜂𝑔
2 = .05. More importantly, there 
was a significant Stimulus Type x Block interaction, F(12, 288) = 10.69, p <.0001, ε = 0.32, 
𝜂𝑔
2 = .07, indicating that over time the fear ratings evolved differently depending on stimulus 
type. Planned comparisons further confirmed that fear reported in response to the A2 
movement was significantly reduced as compared to the A1 movement from the end of 
acquisition (ACQ2) to the end of the reduction phase (RED4), F(1, 24) = 23.85, p <.0001. 
Whereas participants showed similar levels of fear of movement-related pain at the end of 
acquisition to both pain-associated A movements, F(1, 24) = 1.15, p =.29, they reported 
significantly more fear in response to the A1 movement than to the A2 movement by the end 
of the reduction phase, F(1, 24) = 23.61, p<.0001. Moreover, at the end of the reduction 
phase, the previously painful A2 movement did not elicit more fear than the non-painful B 
movements, F(1, 24) = 4.59, p =.04 (after Bonferroni corrections, this difference was no 
longer statistically significant; p < .0125). These results provide evidence for the hypothesis 
that counterconditioning (i.e. replacing a negative outcome by a positive outcome) 
significantly reduces fear of movement-related pain in response to a movement that was 
previously followed by pain.  
Second, from a similar analysis on the pain-US expectancy ratings (see Figure 3) 
during the reduction phase significant main effects emerged for Stimulus Type, F(3,72) = 
138.44, p <.0001, ε = 0.56, 𝜂𝑔
2 = .70, and Block, F(4, 96) = 50.50, p <.0001, ε = 0.60, 𝜂𝑔
2 = 
.14. More importantly, the Stimulus Type x Block interaction was significant, F(12, 288) = 
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24.41, p <.0001, ε = 0.35, 𝜂𝑔
2 = .26. Planned comparisons further confirmed that participants 
expected the pain-US to occur less after the A2 movement than after the A1 movement at the 
end of the reduction phase (RED4) as compared with the end of acquisition (ACQ2), F(1, 24) 
= 71.84, p <.0001. Although participants had similar pain-US expectancy ratings for both 
painful  A movements at the end of acquisition, F(1, 24) = 2.31, p = .14, they reported 
significantly higher pain-US expectancies in response to the A1 movement than to the A2 
movement by the end of the reduction phase, F(1, 24) = 88.38, p<.0001. Moreover, at the end 
of the reduction phase, the A2 movement that was no longer followed by the pain-US did not 
elicit higher pain-US expectancy ratings than the non-painful B movements, F(1, 24) = 5.19, 
p =.03 (after Bonferroni corrections, this difference was no longer statistically significant; p < 
.0125). The results of the US-expectancy ratings mirror our findings in the fear of movement-
related pain ratings, that is, the expectancy of the occurrence of the pain-US is significantly 
reduced for the counterconditioning movement. 
3.4.Does counterconditioning lead to more profound fear reduction than  extinction (i.e. 
omitting the pain-US) alone?  
We conducted a series of 2 x 4 x 5 [Group (COUNTER/EXT) x Stimulus Type 
(A1/A2/B1/B2) x Block (ACQ2, RED1-4)] repeated measures ANOVAs on the fear and 
expectancy ratings to test whether counterconditioning is a more effective strategy to reduce 
fear of movement-related pain than extinction.  
First, the analysis run on the fear of movement-related pain ratings (see Figure 2) 
showed significant main effects for Stimulus Type, F(3,144) = 92.16, p <.0001, ε = 0.67, 𝜂𝑔
2 = 
.39, and Block, F(4, 192) = 21.28, p <.0001, ε = 0.68, 𝜂𝑔
2 = .04, but not for Group, F < 1. 
Again, there was a significant Stimulus Type x Block interaction, F(12, 576) = 18.78, p 
<.0001, ε = 0.44, 𝜂𝑔
2 = .07, but this effect was not moderated by Group, three-way interaction: 
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F < 1.  Basically, these results indicate that counterconditioning, and more specifically 
replacing the pain-US by a reward-US is as effective to reduce fear of movement-related pain 
as extinction alone (i.e. omitting the pain-US). Thus, we could not confirm any added value of 
the reward-US on immediate fear reduction. 
Second, we ran a similar analysis on the pain-US expectancy ratings (see Figure 3). 
This analysis revealed main effects for Stimulus Type, F(3,144) = 250.64, p <.0001, ε = 0.70, 
𝜂𝑔
2 = .69, and Block, F(4, 192) = 50.51, p <.0001, ε = 0.72, 𝜂𝑔
2 = .10, but not for Group, F < 1. 
Again, there was a significant Stimulus Type x Block interaction, F(12, 576) = 47.16, p 
<.0001, ε = 0.47, 𝜂𝑔
2 = .24, but this effect was not moderated by Group, three-way interaction: 
F < 1.  In essence, these results indicate that counterconditioning is as successful to decrease 
pain-US expectancies as extinction alone. Hence, we could not confirm any added value of 
the reward-US on decreasing pain-US expectancy. 
 
3.5.Does a concurrent reward-US attenuates pain-related fear of a painful movement?  
We conducted a 2 x 4 x 4 [Group (COUNTER/EXT) x Stimulus Type (A1/A2/B1/B2) x 
Block (RED1-4)] repeated measures ANOVA on the fear of movement-related pain ratings to 
test whether a movement followed by competing outcomes (i.e. monetary reward-US = 
positive; pain-US = negative) elicits less fear than a movement that is followed by the pain-
US alone. This analysis showed significant main effects for Stimulus Type, F(3, 144) = 77.45, 
p <.0001, ε = 0.65, 𝜂𝑔
2 = .40, and Block, F(3, 144) = 16.70, p < .0001, ε = 0.63, 𝜂𝑔
2 = .03, but 
not for Group, F < 1. There was a significant Stimulus Type x Block interaction, F(9, 432) = 
4.44, p < .0001, ε = 0.49, 𝜂𝑔
2 = .01, indicating that fear of certain movements developed 
differently across blocks, but this effect was not modulated by Group, F(9, 432) = 1.39, p = 
.23, ε = 0.49, 𝜂𝑔
2 = .004.  In contrast to what we expected, fear of movement-related pain was 
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not reduced in response to a “competition” movement that was followed by pain but also by a 
reward (i.e. both positive and negative outcomes). 
3.6.Does a concurrent reward-US reduce the intensity and unpleasantness of a painful 
stimulus? 
We conducted two separate 2 x 4 [Group (COUNTER/EXT) x Block (RED1-4)] repeated 
measures ANOVAs on the pain intensity and pain unpleasantness ratings (see Figure 5). The 
first analysis showed no significant main effects for Group nor Block, both Fs < 1. The two-
way interaction also failed to reach significance, F(3, 144) = 1.45, p = .24, ε = 0.77, 𝜂𝑔
2 = .005.  
The analysis ran on the pain unpleasantness data largely corroborated the findings in the 
pain intensity ratings. No significant main effects of Group, F < 1, or Block, F(3, 144) = 1.49, 
p = .23, ε = 0.81, 𝜂𝑔
2 = .004, emerged. Also the two-way interaction failed to reach 
significance, F < 1.  Taken together, the results indicate that pain unpleasantness and intensity 
was not reduced for the “competition” movement (followed by pain and reward) as compared 
to the movement that was only followed by pain. Thus, adding a reward to a painful 
movement does not seem to reduce pain intensity/unpleasantness. 
3.7. Does counterconditioning but not extinction, render the valence of the CSs more 
positive? 
We checked whether we successfully reduced the negative affective valence (see 
Figure 6) of the A2 movement after the reduction phase using a 2 x 2 x 4 [Time (pre/post) x 
Group (COUNTER/EXT) x Stimulus Type (A1/A2/B1/B2)] repeated measures ANOVA. This 
analysis showed significant main effects for Time, F(1,48) = 9.10, p <.01, 𝜂𝑔
2 = .02, and 
Stimulus Type, F(3, 144) = 19.27, p <.0001, ε = 0.90, 𝜂𝑔
2 = .08, but not for Group F(1, 48) = 
1.83, p =.18, 𝜂𝑔
2 = .01. Further there was a significant Time x Group interaction, F(1, 48) = 
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4.40, p <.05, 𝜂𝑔
2 = .41, as well as a significant Time x Stimulus Type, F(3, 144) = 9.15, p 
<.0001, ε = 0.85, 𝜂𝑔
2 = .05. Although, the three-way interaction was not significant, we further 
tested whether counterconditioning led to a stronger reduction of negative affective valence of 
the A2 movement than extinction. Planned comparisons revealed the expected data pattern, 
that is, the affective valence of the A2 movement was rated as more positive from pre to post 
in the Counterconditioning Group than in the Extinction Group, but the statistical test failed to 
reach significance, F(1, 48) = 3.09, p =.085. Taken together, these results only provide partial 
support for the hypothesis that counterconditioning changes the negative affective valence of 
a stimulus more than extinction alone does. 
4. Discussion  
Graded in vivo exposure therapy has a strong pedigree as one of the most potent 
cognitive-behavioral treatments to reduce disabling fear, and has recently been applied in 
chronic pain
2, 13, 17-20, 24, 32, 55, 56, 59
. A substantial proportion of patients do not remain 
symptom-free but demonstrate (partial) return-of-fear at some point after successful 
treatment
33
. An alternative fear reduction technique based on learning principles is 
counterconditioning, in which not only the harm expectancy but also the affective valence of a 
painful movement/activity is changed. This counterconditioning approach closely relates to 
cognitive-behavioral treatments that not only focus on pain reduction but aim to reintroduce 
values-based actions such as returning to work or engaging in social activities
7, 14, 52, 58
. 
Examples of such interventions focusing both on the pursuit of pain and normal life goals are 
motivational interviewing
28, 29
, contextual cognitive-behavioral treatment
36, 46, 60
 or treatments 
aimed at improving daily functioning despite pain while assisting patients to achieve valuable 
life goals (e.g., graded activity, exposure in vivo)
25, 32, 35
.  
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The primary goal of this study was to compare counterconditioning and extinction as a 
method to reduce fear of movement-related pain.  As secondary goal, we wanted to 
investigate the possible attenuating effects of a concurrent reward on pain-related fear as well 
as on intensity and unpleasantness of the painful stimulus.  
Two possible mechanisms might contribute to hypothesized differences between 
counterconditioning and extinction
44
. The first mechanism is the reduction of uncertainty of 
the CS outcome. That is, when the CS after conditioning is paired with a positively valenced 
stimulus it is clear that the CS is now followed by another outcome (reward-US) that is 
opposite to the pain-US, whereas during extinction there is no stimulus following the CS, so 
disconfirmation of the original painful outcome is less clear. A second mechanism is that the 
presentation of an opposite US might facilitate the inhibition of the original pain-US memory 
representation. Hence, presenting a new, opposite US might be more efficient in the formation 
of a new CS representation than not presenting any US.  
In the COUNTER Group, fear and pain-US expectancy ratings for the A2 movement were 
significantly reduced as compared with those for the A1 movement, confirming our first 
hypothesis that counterconditioning indeed is effective in reducing fear of movement-related 
pain. Interestingly, at the end of the reduction phase, the counter-conditioned A2 movement 
did not elicit more fear or pain-US expectancy than the B movements, suggesting that 
counterconditioning rendered the A2 movement completely safe.  
In contrast with our second hypothesis, we could not confirm that counterconditioning 
leads to more profound (short-term) fear reduction than extinction. In the EXT Group, fear 
and pain-US expectancy ratings  for the A2 movement were also significantly lower than for 
the A1 movement by the end of the fear reduction phase. Again, verbal ratings for the A2 
movement were not different from the B movements. These findings corroborate the results of 
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Raes and De Raedt
44
 who observed no group differences in the fear and US-expectancy 
ratings, but did report differences in skin conductance between both procedures. Therefore, 
the lack of effects on the verbal measures might not be so surprising. Previous research indeed 
has shown that extinction itself is quite successful in reducing US-expectancy
42, 54
 and self-
reported fear
42
. Given that psychophysiological measures usually are more sensitive to pick 
up group differences, we expected the most pronounced effects in our eyeblink startle 
measure, which unfortunately was not reliable due to a technical failure. Based on previous 
studies using return-of-fear paradigms, it is plausible that the superiority of 
counterconditioning as a fear reduction method compared to extinction is not portrayed  
immediately but is rather expressed in lesser relapse in the future. This means that less fear 
expression at one moment (e.g. within-session habituation during exposure) does not 
necessarily relate to deeper fear extinction learning when tested at another moment (e.g. 
between-session habituation during exposure)
12
.  Future research can test this intriguing 
hypothesis by adding a reinstatement phase to the current design.  
No evidence was found to support our third hypothesis, that is, adding a reward-US to 
a painful movement did not attenuate pain-related fear. This finding is in line with a recent 
study demonstrating that offering a monetary reward does not  decrease pain-related fear 
ratings
9
. In their study, Claes et al.
9
 investigated the effect of competing goals on pain-related 
fear and avoidant decision making behavior; they used a slightly different operationalization 
of the approach-related US, namely they used lottery tickets as a proxy for possible monetary 
gain. More specifically, participants could earn lottery tickets when performing a painful 
movement (i.e. experimental group). With each earned lottery ticket, the odds of winning €50 
at the end of the experiment increased. The results showed that offering a concurrent reward 
reduced avoidant decision-making; participants were less hesitant to perform painful 
movements. In contrast, self-reported fear of the CS+ movement in the experimental group 
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was not significantly lower than in the control group (receiving only a painful stimulus after 
the CS+).  
Regarding our fourth hypothesis, we could not demonstrate an attenuating effect of the 
reward-US on the intensity or unpleasantness of the pain-US. A possible  explanation may be 
that a concurrent reward-US can influence approach tendencies independent of altering the 
intensity and unpleasantness of the pain-US
53
. Given this post-hoc interpretation, future 
research should include response latencies as an additional outcome measure to map 
approach-avoidance tendencies and to determine whether response latencies are sensitive 
enough to render effects on actual behavior despite being afraid of the movements. 
Finally, we found partial evidence in support of our fifth hypothesis, that is, the valence of 
the A2 movement was borderline significantly more positive after counterconditioning than 
after extinction as compared with the beginning of the experiment. Adding a positively 
valenced reward-US to a previously painful movement seemed to have a different effect on 
evaluative conditioning than only extinguishing the fear of the painful movement, but this 
effect just failed to reach significance. This is in contrast with the findings of Kerkhof et al.
30
, 
who demonstrated in a picture-taste paradigm that counterconditioning was able to change the 
negative valence of a picture compared to further conditioning and extinction trials which 
both were ineffective in eliminating the previously acquired picture evaluations. A possible 
explanation why our results diverge from those of Kerkhof et al. is that we used a more 
stringent definition of change in valence. In our study, the stimulus valence was measured 
before and after the entire experiment. Judgments made at the end of a complete experiment 
tend to be integrative
10
. This means that participants might have collapsed information of both 
the acquisition and the reduction phase when completing this rating. If this is the case, valence 
ratings for the A2 movement might be contaminated with the negative stimulus valence that 
was acquired during acquisition and thus the change is valence might be underestimated. 
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Moreover, we did not assess the negative stimulus valence of the A2 movement after 
acquisition, because procedural interruptions (e.g. intermediate questions that are not part of 
the procedure during acquisition) tend to cause context changes, which might affect extinction 
learning. Hence, we compared changes from neutral stimulus valence to positive stimulus 
valence from the beginning to the end of the experiment (pre-post measures). These 
procedural details together with a possible lack of statistical power might contribute to the 
absence of significant group differences. 
Some limitations should be outlined as well. First, we could only rely on the verbal 
ratings, because the startle data were not reliable due to a hardware failure and we had no 
behavioral avoidance measure (e.g., response latencies) . These verbal ratings might not be 
sensitive enough to detect group differences. Second, using a 100% reinforcement scheme as 
we did, usually leads to rapid extinction because disconfirmation of the CS-US association 
occurs on the first trial that the CS+ is not followed by the pain-US. This might explain the 
lack of differences in counterconditioning and extinction learning. Moreover, a 100% 
reinforcement schema does not represent the clinical reality very well (i.e. sometimes certain 
movements increase pain in chronic pain patients, but sometimes they do not), and thus has 
limited ecological validity. Future research should use a partial reinforcement schedule. Third, 
the credibility of our manipulation of the positive reinforcer may have been limited. After 
debriefing, a small number of  participants reported that they did not believe they would get 
more money when the reward-US was presented. Additionally, it is possible that the reward-
US was not a strong incentive for all participants. Future research should assess the subjective 
appreciation of the reward post-experimentally to guide the search for more potent reward 
types. 
To summarize, this study was the first to demonstrate fear of movement-related pain 
reduction using counterconditioning. However, we were unable to confirm that 
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counterconditioning leads to deeper fear reduction than extinction. However, we contend that 
procedures targeting not only the change of harm expectancy but also the change in affective 
valence of feared movements might offer a valuable approach to reduce fear of movement-
related pain more profoundly and especially to prevent relapse.  
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7. Figure captions 
Figure 1. Overview of the timing of an illustrative trial in A. the fear acquisition phase, and B. 
fear reduction phase in the Counterconditioning and the Extinction Group. 
Figure 2. Mean (±SE) self-reported fear of movement-related pain per block (ACQ1-2, 
RED1-4) for the Counterconditioning Group and the Extinction Group separately. 
Figure 3. Mean (±SE) concurrent pain-US expectancy per block (ACQ1-2, RED1-4) for the 
Counterconditioning Group and the Extinction Group separately. 
Figure 4. Mean (±SE) concurrent reward-US expectancy per block (ACQ1-2, RED1-4) for 
the Counterconditioning Group and the Extinction Group separately. 
Figure 5. Mean (±SE) self-reported A. pain-US intensity, and B. pain-US unpleasantness per 
block (ACQ1-2, RED1-4) for both experimental groups (Counterconditioning/Extinction). 
Figure 6. Mean (±SE) self-reported retrospective affective valence for all CS movements 
(A1/A2,/B1/B2) at the beginning (PRE) and at the end of the experiment (POST) for both 
experimental groups. 
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Figure 1. 
 
   
Note. The lightning bolt represents the presentation of the pain-US, the €-symbol represents the presentation of the monetary reward-US, the “+” serves as a starting signal to 
initiate the movement of choice, the white arrow represents the direction in which a participant moves on a certain trial, and the coloring blue of a segment of a certain counter 
bar indicates that a movement was successfully performed. During the fear acquisition phase, A1 and A2 were reinforced with the pain-US, but B1 and B2 were unreinforced. 
The acquisition phase was identical in both groups (panel A). During the fear reduction phase in the counterconditioning group (panel B), the A1+€ movement (i.e. moving to 
the left) was followed both by the pain-US and the reward-US; the A2-€ movement was followed by the reward-US but not by the pain-US (i.e. moving upward); B1 and B2 
were unreinforced (i.e. moving to the right and downward). In the extinction group (panel C), the A1+ movement continued to be followed by the pain-US, while the A2-  
movement was extinguished (no longer followed by the pain-US).  
  
 
A. Fear acquisition phase B. Fear reduction phase – Counterconditioning Group C. Fear reduction phase – Extinction Group 
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Figure 2. 
 
Note. ‘ACQ’ refers to the fear acquisition phase, whereas ‘RED’ refers to the fear reduction phase; the number refers to block. ‘A’ represents a reinforced 
movement, whereas ‘B’ indicates a non-reinforced movement. In both groups, both A1 and A2 were followed by a painful electrocutaneous stimulus (pain-US) 
during acquisition. In the fear reduction phase, A1 was still followed by the pain-US, whereas A2 was no longer followed by a pain-US in the Extinction 
Group. In the Counterconditioning Group, A1 was both followed by the pain-US and the monetary reward (reward-US), whereas A2 was followed by the 
reward-US alone. B1 and B2 were never followed by the pain-US, nor the reward-US.  
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Figure  3 
Note. ‘ACQ’ refers to the fear acquisition phase, whereas ‘RED’ refers to the fear reduction phase; the number refers to block. ‘A’ represents a reinforced 
movement, whereas ‘B’ indicates a non-reinforced movement. In both groups, both A1 and A2 were followed by a painful electrocutaneous stimulus (pain-US) 
in the acquisition phase. In the fear reduction phase, A1 was still followed by a pain-US, whereas A2 was no longer followed by a pain-US in the Extinction 
Group. In the Counterconditioning Group, A1 was both followed by the pain-US and the monetary reward (reward-US), whereas A2 was followed by the 
reward-US alone. B1 and B2 were never followed by the pain-US, nor the reward-US.   
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Figure 4. 
 
 
Note. ‘ACQ’ refers to the fear acquisition phase, whereas ‘RED’ refers to the fear reduction phase; the number refers to block. ‘A’ represents a reinforced 
movement, whereas ‘B’ indicates a non-reinforced movement. In both groups, both A1 and A2 were followed by a painful electrocutaneous stimulus (pain-US) 
in the acquisition phase. In the fear reduction phase, A1 was still followed by a pain-US, whereas A2 was no longer followed by a pain-US in the Extinction 
Group. In the Counterconditioning Group, A1 was both followed by the pain-US and the monetary reward (reward-US), whereas A2 was followed by the 
reward-US alone. B1 and B2 were never followed by the pain-US, nor the reward-US. 
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Figure 5. 
 
 
 
Note - ‘ACQ’ refers to the fear acquisition phase, whereas ‘RED’ refers to the fear reduction phase; the number refers to block. In panel A, the pain-US 
intensity ratings can be found, and in panel B the pain-US unpleasantness ratings can be found for both the Counterconditioning Group and the Extinction 
Group. 
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Figure 6. 
 
 
 
Note. ‘PRE’ indicates the rating at the beginning of the experiment, whereas ‘POST’ refers to the rating at the end of the experiment. ‘A’ represents a 
reinforced movement, whereas ‘B’ indicates a non-reinforced movement. In both groups, both A1 and A2 were followed by a painful electrocutaneous stimulus 
(pain-US) in the acquisition phase. In the fear reduction phase, A1 was still followed by a pain-US, whereas A2 was no longer followed by a pain-US in the 
Extinction Group. In the Counterconditioning Group, A1 was both followed by the pain-US and the monetary reward (reward-US), whereas A2 was followed 
by the reward-US alone. B1 and B2 were never followed by the pain-US, nor the reward-US.    
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Table 1 
 
       Experimental design 
       Group   Practice phase 
  
Fear acquisition phase 
 
Fear reduction phase 
Counterconditioning 
  
4 A1, 4A2, 4B1, 4B2 
    
2 (4 A1+, 4 A2+, 4 B1-, 4B2-) 
  
4 (4 A1+€, 4 A2-€4 B1-, 4 B2-) 
    
Extinction 
    
4 (4 A1+, 4 A2-, 4 B1-, 4 B2-)      
Note. A = reinforced conditioned stimulus; B = unreinforced conditioned stimulus; During the practice phase, none of the movements were reinforced. In the 
fear acquisition and fear reduction phases, a “+” indicates that the movement was followed by a painful electrocutaneous stimulus (pain-US), a “-”  indicates 
that the movement was not followed by the pain-US. In the fear reduction phase,  a “€” indicates that a movement was followed by the monetary reward 
(reward-US).  
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Table 2. Descriptive statistics and independent samples T-tests for the questionnaires scores, the HRV data and the SST data of both the Counterconditioning 
Group (n = 25) and the Extinction Group (n = 25) separately. 
Total  Counterconditioning 
 
Extinction
 
  
N = 50 M (SD) M (SD) t(48) p 
Age 23.32 (5.11) 22.48 (5.50) -0.56 .578 
Pain-US (in mA) 28.16 (14.68) 29.12 (15.83) -0.22 .825 
Self-reported pain-US intensity  (ranging from 1-10) 8.12 (0.44) 8.24 (0.52) -0.88 .384 
FPQ – total 68.32 (9.04) 66.68 (15.01) -0.47 .642 
FPQ – medical pain 21.68 (4.88) 20.96 (6.54) -0.44 .661 
FPQ – minor pain 15.16 (3.98) 16.52 (4.18) 1.18 .245 
FPQ – severe pain 31.48 (4.96) 29.20 (7.68) -1.25 .220 
PCS – total 15.72 (8.42) 15.52 (7.37) -0.09 .929 
PCS – magnification 3.16 (2.41) 2.92 (2.33) -0.36 .722 
PCS – rumination 7.00 (3.67) 7.48 (3.34) 0.48 .631 
PCS – helplessness 5.56 (3.90) 5.12 (2.92) -0.45 .653 
PANAS – negative affect  19.12 (5.56) 19.00 (5.68) -0.08 .940 
PANAS – positive affect 33.96 (6.01) 35.04 (4.08) 0.74 .461 
STAI-T – total 39.12 (8.77) 36.16 (9.67) -1.14 .261 
HRV – RMSSD 58.97 (41.92) 69.34 (57.09) 0.71a .483 
SST – SSRT 220.74 (53.08) 236.95 (48.85) 1.09a .282 
Note. FPQ= Fear of Pain Questionnaire; PCS= Pain Catastrophizing Scale; PANAS= Positive and Negative Affect Schedule; STAI-T= Trait version of the 
State-Trait Anxiety Inventory; HRV= Heart Rate Variability; RMSSD = Root Mean Square of Successive Differences; SST = Stop Signal Task; SSRT = Stop 
Signal Reaction Time. M = mean, SD = standard deviation. t = Student’s t statistic; df = degrees of freedom. 
a
 df = 45 
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Online Supplementary Material 
INSTRUCTIONS BEFORE THE PRACTICE PHASE 
Screen 1 
Dear participant, 
Your task in this experiment is to move a joystick a number of times to the left, to the right, upwards 
and downwards. The experiment consists of several movement blocks, and each block comprises 16 
movements (i.e. 4 in each movement direction). You can chose the order in which you perform these 
movements yourself. Counter bars will appear on the left, right, top and bottom of the computer screen 
and each time you perform a movement correctly, a segment of the corresponding counter bar will 
color blue. In other words, if you move to the left, a segment of the left counter bar will be colored 
blue, and when you move to the right a segment of the right counter bar will be colored blue, and so 
on. This way, you will get visual feedback about the number of movements that still need to be carried 
out in each movement direction per block. 
Screen 2 
Please note that you can only start moving the joystick when a start signal, i.e. fixation cross ‘+’ 
appears in the middle of the screen. You suppose to respond as quickly and accurately as possible once 
this start signal appears. 
Before the actual experiment starts, you will go through a practice phase in which we will provide you 
with extra feedback about your movement performance. In this phase, you will get extra visual support 
to teach you what a valid/correct movement to the left/right/top/bottom exactly is. 
The valid movement areas are colored green on the screen, whereas invalid movement areas are 
colored red on the screen. In addition, you will able to track your own movement in real-life via the 
cursor on the screen. When you use the joystick properly/accurately, and the cursor enters the green 
area, a segment of the corresponding counter bar will be colored blue. When the segments of all 
counter bars are colored blue, a new movement block will start. 
Screen 3 
Beware to keep your hand on the joystick at all times! If you have any questions or if you do not 
completely understand the instructions, please notify the experimenter now. 
 
INSTRUCTIONS BEFORE THE EXPERIMENTAL PHASES 
Screen 1 
Now the actual experiment will start. We briefly repeat your task. 
In each movement block, you will have to move 4 times to the left, 4 times to the right, 4 times 
upwards, and 4 times downwards as quickly and accurately as possible. You can chose the order in 
which you perform these movements yourself, but make sure to wait until the start signal, i.e. a 
fixation cross ‘+’ appears in the middle of the screen before starting to move the joystick. Beware to 
keep your hand on the joystick at all times! 
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Screen 2 
Each time you perform a correct movement, a segment of the corresponding counter bar will be 
colored blue. That way, you can assess how many movements in each direction still need to be carried 
out. 
From now on, there are a couple of important changes in the procedure. First, you will not be able to 
track your own movement on the computer screen: the cursor will be hidden. Second, the green/valid 
and red/invalid areas will no longer be indicated: the background color of the screen will be black. 
Third, during the experiment short loud noises and electrical stimuli and rewards can be presented. If 
you receive a reward, a  € symbol will be presented on the computer screen. Every time this symbol is 
presented your (financial) compensation at the end of the experiment will increase with 50 cents. 
Screen 3 
At the end of a movement block, we will ask you a couple of questions about how you experienced 
these electrical stimuli and the movements that you performed. You can answer these questions by 
moving cursor with the joystick along the rating scale and click on the “shooting button” of the 
joystick to confirm your answer. If you have any questions or if you do not completely understand the 
instructions, please notify the experimenter now. 
 
 
